We discuss a large class of phenomenological models incorporating quantum gravity motivated corrections to electrodynamics. The framework is that of electrodynamics in a birefringent and dispersive medium with non-local constitutive relations, which are considered up to second order in the inverse of the energy characterizing the quantum gravity scale. The energy-momentum tensor, Green functions and frequency dependent refraction indices are obtained, leading to departures from standard physics. The effective character of the theory is also emphasized by introducing a frequency cutoff . The analysis of its effects upon the standard notion of causality is performed, showing that in the radiation regime ( R 1) the expected corrections of the order (ω/ ) n get further suppressed by highly oscillating terms proportional to sin( R), cos( R), thus forbiding causality violations to show up in the corresponding observational effects.
Introduction
Lorentz covariance in local inertial frames is a well established symmetry at the energies of present day experiments. However, its validity at high energies is subject to test. Possible Lorentz invariance violations may arise from dynamical modifications . Heuristic loop QG derivations of such effects [2-6] make it clear that a better understanding of the corresponding semiclassical limit is required [30] [31] [32] [33] [34] . String theory has also provided models for explaining such QG induced corrections [35] [36] [37] [38] . Moreover, effective field theory models have been constructed that include higher dimension Lorentz invariance violating (LIV) operators [39, 40] . Synchrotron radiation arising from the model in [39] has been extensively analyzed in Ref. [41] [42] [43] . These effective theories use a reduced number of degrees of freedom to describe the physics at a low energy scale, ignoring the detailed dynamics inherent to Planck energies. In other words, if QG dominates at a scale E QG , usually considered of the order of E P , a corresponding low energy effective theory can be visualized as an expansion in powers ofξ E −1
QG , truncated at a given finite order. In this way it will be a good description, hopefully simpler than the original one, for energies E E QG . This restricted validity relaxes some of the constraints usually required for physical theories, such as renormalizability. Stability and causality, perhaps of more essential status than the Lorentz symmetry itself, are assumed to remain valid at the low energy regime [47] . Nevertheless, fine tuning problems arise when considering radiative corrections [44] , which can be circumvented by extending the notion of dimensional regularization [45, 46] .
In fact, one of the possible manifestations of QG at low energy is the appearance of correction terms related to the scale E QG in the standard particle propagation and interaction properties. The most direct interpretation of such corrections, though not the only one [48] [49] [50] [51] [52] [53] [54] [55] , is in terms of a spontaneous breaking of Lorentz covariance at high energies. If this is so, the effective theory will be covariant under Lorentz transformation between inertial frames (passive or observer transformations), and the observable Lorentz symmetry violations will be associated with rotations and boosts of the fields in a given inertial frame (active or particle transformations). In this case the space-time coordinates at low energy remain commutative. We focuse here on a general analysis of QG effects in electrodynamics in these models, where we can introduce the full usual mathematical framework of field theory, specially Fourier transformations. QG may also modify the space-time itself so that the coordinates become noncommutative, as in the case of Double Special Relativity models, for example. In this situation, which will not be discussed here, ordering ambiguities preclude a direct use of such transformations.
Considering now the electromagnetic field, the models proposed to describe low energy effects of QG can usually be expressed in terms of modified dispersion relations, with a polynomial dependence in energy and momentum. Such modifications include standard Lorentz invariance violations as well as possible extensions of Lorentz covariance [58] [59] [60] [61] . Most of these approaches can be unified in the description
